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INTRODUCTION
Plant oilseeds and their by-products usually constitute a major source of dietary protein in feeds of warm water omnivorous/herbivorous fish species (Lim and Dominy 1991) . Some of the factors which limit application of these ingredients in fish feeds at high levels include low protein content, amino-acid imbalance, and the presence of antinutritional factors (Wee 1991) . In India, the digestibility of locally available feed ingredients has been a subject of a few studies, conducted on carp (Jayaram and Shetty 1980 , Ray and Das 1994 , Mukhopadhyay and Ray 1997 .
Linseed meal is often used as a dietary ingredient in fish feed. Hasan et al. (1989) used linseed meal as a feed ingredient in the diet of walking catfish, Clarias batrachus, fry. Hasan et al. (1991) used it successfully in the diet of Labeo rohita. Hossain and Jauncey (1989) studied the protein, energy content, and amino acid digestibility of linseed meal. The low apparent protein digestibility of linseed might be due to the presence of mucilage in it. In addition, Hossain and Jauncey (1989) investigated the nutritive value of linseed meal of Bangladeshi origin and tested it in a diet of common carp, Cyprinus carpio. Earlier, studies on the digestibility of an ingredient usually involved the reference diet to the ingredient ratio of 7 : 3 ratio (Cho et al. 1974 ). De Silva et al. (1990 , however, have shown that a desirable proportion of the ingredient relative to the reference diet should vary from 80%-85% to 20%-15%.
In this study, an attempt was made to evaluate the suitability of incorporating raw and fermented linseed meal into the diets of rohu (Labeo rohita) fingerlings by determining the digestibility coefficient of the ingredient. Fermentation involves synthesis of a high quality protein in the form of microbial bodies. Fermentative microbes are able to synthesise all the amino acids and render them easily available; in some cases, fermentative microbes utilise urea to synthesise protein. Digestibility coefficients of the diets were determined in diets incorporating both types of linseed meal (raw and fermented) at different inclusion levels (20%-40%) to find the best level of the ingredient.
MATERIALS AND METHODS
Experimental diets. Two types of de-oiled linseed (Linum usitatissimum) meal were used as test ingredients: raw and fermented. Prior to incorporation, a portion of the linseed meal was fermented by inoculating it with lactic acid bacteria, Lactobacillus acidophilus (10 6 cells · g -1 ) at a 5% level and keeping the inoculated meal at room temperature (28-30°C) for 48 h. The fermented samples were then sun-dried, pulverised in a grinder, and sieved to obtain particles smaller than 400 µm. The reference diet was prepared according to Ray and Das (1994) , with fish meal as the main protein source. Six experimental diets (RL20, RL30, RL40, FL20, FL30, and FL40) were formulated using raw and fermented linseed meals. The finely powdered (400 µm) test ingredients were incorporated in each diet at 3 different levels (20, 30, and 40%) by replacing equal proportions of all the ingredients from the reference diet. To each of the formulated diets, 1% chromic oxide was added as an external marker. All the diets were in pelleted form, with carboxymethyl cellulose as a binder.
Experimental design. The experiment was conducted in a static indoor rearing system containing 90-L glass aquaria with continuous aeration. Fingerlings of rohu, Labeo rohita (Hamilton, 1822), were obtained from a local fish seed dealer and acclimated to the laboratory conditions for 15 days; they were fed a 1 : 1 mixture of rice bran and mustard oilcake. The fingerlings (mean weight 4.50 ± 0.11 g) were randomly assigned to the aquaria at the density of 10 fish per aquarium; each treatment was run at two replicates. Each experimental aquarium was fed with de-chlorinated water from a deep tube well. The experimental fish were fed the formulated diets twice a day (at 0900 and 1500 h) at a fixed feeding rate of 5% body wet weight per day for the whole 60-day long period of experiment. The quantity of feed offered was readjusted every 10th day after the fish were weighed. The uneaten feed was collected by siphoning 1 h after each feeding. The faecal samples were collected following the method outlined by Spyridakis et al. (1989) . The faeces, naturally released by the fish, were easily detectable and removed from the water with a glass canula. The collection was performed continuously, 3 to 4 h after feeding. The faecal material collected was rinsed in distilled water and kept at -80°C before freeze drying for analysis. The faecal samples were analysed in triplicate. The pooled faecal samples from each treatment were analysed separately. At the termination of the experiment, all the fishes were weighed individually and used for subsequent analysis.
The water in each tank was changed every day throughout the period of the experiment to maintain appropriate water quality. The water temperature, pH, dissolved oxygen content, and alkalinity ranged within 26-30°C, 6.3-7.3, 4.9-7.7 mg · L -1 , and, 189-190 mg · L -1 , respectively.
Chemical and statistical analyses. Feed ingredients, experimental diets, faecal samples, and fish carcasses were analysed for proximate composition following the AOAC (Anonymous 1990) procedures. The chromic oxide contents in the diets and faeces were estimated spectrophotometrically following the method of Bolin et al. (1952) . The tannin content in the de-oiled seed meals was determined using the Folin-Denis reagent (Schanderi 1970) , whereas the phytic acid content was determined following the method outlined by Wheeler and Ferrel (1971) . Apparent total and nutrient digestibility values were calculated by employing the following formulae (De Silva and Anderson 1995):
(a) Apparent total digestibility (%) of the reference (RD) and test (TD) diets: 100 -100 (% marker in diet/% marker in faeces) (b) Apparent nutrient digestibility of RD and TD: 100 -100 (% marker in diet/% marker in faeces ◊ % nutrient in faeces/% nutrient in diet) where: nutrient refers to any nutrient, e.g. protein or fat. (c) Apparent dry matter digestibility of the ingredient: 100/% test ingredients (apparent TD total digestibility -%RD/100 ◊ apparent RD total digestibility) (d) Apparent nutrient digestibility of the ingredient: 100/% test ingredient (TD nutrient digestibility -%RD/100 ◊ RD nutrient digestibility). Statistical treatment of the data involved analysis of variance (ANOVA) followed by Scheff's F-test for multiple comparisons (Das and Das 1993). The differences were considered significant at the probability level of 0.01.
RESULTS
The proximate composition of linseed meal and other ingredients are presented in Table 1 . The ingredient composition (% dry weight) and proximate composition of the experimental diets are presented in Table 2 .
The anti-nutritional factor (phytic acid from linseed meal) could be reduced below detection limit by fermentation with lactic acid bacteria, Lactobacillus acidophilus. Fermentation of the oilseed meal resulted in reduction of the tannin content from 2.45 to 1.32 percentage points.
The data regarding apparent dry matter (or total) and nutrient digestibility of the reference and test diets are presented in Table 3 . The total digestibility of the reference and test diets was significantly higher (P < 0.01) at all levels of incorporation. The apparent protein digestibility was, however, significantly (P < 0.01) higher at all the levels of incorporation in the fermented linseed meal treatments, while diets containing raw linseed meal showed a poor protein digestibility. The apparent digestibility (AD) of protein was significantly (P < 0.01) higher than that of the reference diet in the fermented linseed meal-containing diets up to 40% inclusion levels. The apparent fat digestibility was significantly (P < 0.01) higher in the treated (fermented) linseed meal-containing diets up to 40% inclusion level, compared with the reference diet. The dry matter (or total) and nutrient digestibility of the test ingredient (both raw and fermented) at different levels of inclusion is presented in Table 4 .
DISCUSSION
The replacement of fishmeal by alternate sources of protein has met with varied degree of success, depending on the nature and composition of ingredients, inclusion level, and method of processing (Tacon and Jackson 1985 , De Silva and Gunasekara 1991 , Ray and Das 1992 , Mukhopadhyay and Ray 1996 , 1997 , 1999 . This study shows clearly that the nature, source, and composition of ingredients and their inclusion level affects the degree of digestibility.
The AD of protein was highest in the fishmeal-based reference diet, compared to the diets containing raw linseed meals at different inclusion levels. The data are comparable to those reported by Hossain and Jauncey (1989) from Cyprinus carpio fed diets containing different proportions of linseed meals. In contrast, Hasan et al. (1991) reported lower AD of protein for the control diet in comparison with 40% linseed protein diets in Labeo rohita fry. According to National Research Council (NRC) (Anonymous 1977), carp can digest up to 95% of fishmeal protein. However, the values may decrease to 80%-85%, depending on the origin and processing of fishmeal (Ogino and Chen 1973) . The AD of protein for the treated linseed meals was found to increase with increasing inclusion level. The AD of protein for the treated linseed mealcontaining diets at 30% inclusion level were comparable to that for the reference diet. The value was however, higher, in the 40% treated linseed meal diet than in the reference diet. Hasan et al. (1991) reported increased apparent digestibility of protein at higher levels of raw linseed meal incorporation in the diets of Labeo rohita fry.
The apparent lipid digestibility (ALD) of the reference diet (89.30%) was similar to that recorded in Cyprinus carpio (89.31%; Hossain and Jauncey 1989). The ALD values obtained in the present study with the raw linseed meal-containing diets are similar to those of linseed mealenriched (84.52% to 89.81%) diets for Cyprinus carpio (cf. Hossain and Jauncey 1989). The decrease in ALD with increasing levels of inclusion of raw linseed meals was in agreement with the observation of Hossain and Jauncey (1989) . However, in the case of treated linseed meal-containing diets, the ALD value increased with the increasing inclusion level. The values were comparable to the reference diet at 40% level of inclusion of fermented linseed meals. The present results, however, indicate a decrease in protein and fat digestibility with decreasing crude fibre levels in the diets, regardless of treatment.
It is generally recognised that digestibility data are useful only when ingredients do not contain gossypol-like substances, tannin, complex polysaccharides, antitrypsin, and other interfering substances which may affect the digestibility of various nutrients in the diet and give erro- Values having the same superscript letter in the same row are not significantly different (P < 0.01); n = 2 (all values are means of two replicates) neous results (Lall 1991) . The fermented linseed meal diets contained 0.30%, 0.51%, and 0.68% tannin at 20%, 30%, and 40% inclusion levels, respectively. As stated earlier, fermentation of linseed meal results in complete elimination of phytic acid. A better digestibility of protein and lipid from the fermented linseed meal-containing diets may be attributed to the absence of phytic acid in those diets. Teutino and Knorr (1985) also reported increased digestibility of protein and fat from the fermented samples of misco (rice + soya), wheat soybean tempeh, and natto (soybean) in humans. There has hitherto been no report, however, on the digestibility of nutrients from fermented oilseed meals in fish.
CONCLUSIONS
Anti-nutritional factors such as tannin and phytic acid as well as amino acid imbalance limit high levels of inclusion of linseed meal into fish feeds. By eliminating/reducing the amount of tannin and phytic acid via appropriate processing involving fermentation, a better digestibility of protein and fat is attained.
